Introduction
Ramucirumab is a monoclonal antibody that works by binding to vascular endothelial growth factor receptor-2 (VEGFR-2) and hence blocking the proangiogenic effects of VEGF signaling [1, 2] . This blocking of the tumor neoangiogenesis should ultimately slow down tumor growth [3] .
Ramucirumab has been FDA approved for the treatment of advanced gastric cancer in the second-line setting both as a monotherapy and in combination with paclitaxel [4, 5] . Different ramucirumab-based combinations have also been FDA approved for second-line treatment of advanced nonsmall cell lung cancer and metastatic colorectal cancer. Additionally, a number of ongoing studies are evaluating this agent in multiple indications for solid tumors.
Most antiangiogenic agents -including ramucirumab -may cause some characteristic adverse effects, including some cardiovascular, gastrointestinal and hematological toxicities [6, 7] . Moreover, renal toxicities (particularly asymptomatic proteinuria) are common in patients treated with antiangiogenic agents [8] . Because of the small number of patients with renal toxicities in each ramucirumab study, the overall risk of renal toxicities with ramucirumab may not be clear. Thus, we conducted a systematic review and meta-analysis of available randomized controlled trials (RCTs) to determine the overall risk of proteinuria in patients with solid tumors treated with ramucirumab.
Methods

Data Source
We conducted a literature review of the major databases, including Medline, Cochrane and Google Scholar databases from February 1966 to May 2015 using 'ramucirumab' as a search keyword. The search was limited to RCTs involving human solid tumor patients that were published in English. We also searched abstracts containing the same search keyword from the American Society of Clinical Oncology (ASCO) and European Society of Medical Oncology (ESMO) meetings. We performed and systemically reviewed the meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-MA) statement [9] .
Study Selection
Clinical trials that fulfilled the following criteria were included: (1) RCTs in patients with solid tumors, (2) participants allocated to treatment with ramucirumab-based treatment versus control and (3) events and sample size available for proteinuria. For incidence analysis and relative risk analysis, we included RCTs that randomly assigned participants to either ramucirumab-based treatment versus placebo or control treatment.
Meeting abstracts without subsequent full-text publication were excluded. Phase I studies were also excluded because of different dose ranges used. Independent review authors (O.A.-R. and H.E.) checked reports that included the search term by their titles and abstracts for relevance. Then, full texts of the relevant articles were assessed to evaluate eligibility.
Data Extraction and Clinical End Points
Two review authors (O.A.-R. and H.E.) independently conducted data extraction. The following information was recorded for each study: first author's name, year of publication, trial phase, underlying cancer, treatment regimens, number of patients available for analysis, and number of reported events of all-grade and high-grade proteinuria. Any discrepancies between review authors were solved by consensus. The number of patients evaluable for toxicity was utilized as the number analyzed for each study. In the included clinical trials, relevant adverse events were recorded according to the Common Toxicity Criteria of Adverse Events (CTCAE) version 3.0 or 4.0, which are quite similar in terms of grading these adverse events .
Statistical Analyses
The principal summary measures were relative risk (RR) and corresponding 95% CIs of all-grade (grades 1-4) and high-grade (grades 3-4) proteinuria. For all calculations of RRs and CIs, we have used data extracted only from the included RCTs, comparing the incidence of each adverse event in patients assigned to ramucirumab-based treatment with those assigned to control treatment in the same trial. To calculate 95% CIs, the variance of a log-transformed study-specific RR was derived using the delta method. Statistical heterogeneity in results between studies included in the analysis was assessed through Cochrane's Q statistic and inconsistency was quantified through I 2 statistic. The assumption of homogeneity was not considered for p values <0.10. RRs were calculated using random-or fixed-effects models, depending on the heterogeneity of included studies. When substantial heterogeneity was not found, the pooled estimate calculated based on the fixed-effects model was reported using the inverse variance method. When substantial heterogeneity was found, the pooled estimate calculated based on the random-effects model was reported using the DerSimonian method, which considers both within-study and between-study variations [10, 11] . Statistical analyses were performed by using the program Review Manager (RevMan) 5.3 (Copenhagen, Denmark).
Results
Search Results
Our literature search revealed 170 potentially relevant publications on ramucirumab. The reasons for study exclusion are illustrated in figure 1 . Altogether, a total of 11 primary studies met the inclusion criteria, including 6 phase III trials and 5 phase II trials. Underlying solid tumors included advanced gastric cancer in 3 studies, advanced nonsmall cell lung cancer in 3 studies, metastatic breast cancer in 2 studies, castrate resistant prostate cancer in 1 study, metastatic colorectal cancer in 1 study, and advanced hepatocellular carcinoma in 1 study. All included trials generated randomized treatment allocation sequences. Overall, a total of 5,694 patients were included in this analysis. The baseline characteristics and the number of relevant adverse events in each trial are presented in table 1 . The relevant adverse events were not consistently reported in all trials.
Overall Incidence of the Relevant Adverse Events
A total of 3,103 patients (representing the ramucirumab-containing arms of the included studies) were evaluated in the incidence analysis. All-grade proteinuria was reported in 10 studies and it ranged from 5.8 to 17%. [14] , abstract) and a squamous group whose data has not yet been published and the above toxicity data are extracted from clinicaltrials.gov records [15] . N/R = Not reported. 
Relative Risk of All-Grade and High-Grade Relevant Adverse Events
In order to determine the specific contribution of ramucirumab to the development of proteinuria, a metaanalysis of the RR of proteinuria was performed on the assessed randomized trials and it showed that the RR of all-grade proteinuria was 3.31 (95% CI 2.48-4.42; p < 0.00001; fig. 2 a) . Moroever, the RR of high-grade proteinuria was 5.28 (95% CI 2.32-12.01; p < 0.0001; fig. 3 ). Thus, patients treated with ramucirumab have an increased risk of all-grade and high-grade proteinuria. The fixed-effects model was used for all the evaluated toxicities. Funnel plot analysis revealed no evidence of a publication bias ( fig. 4 ) .
Subgroup Analysis
We conducted a subgroup analysis for the risk of proteinuria according to the type of treatment (ramucirumab monotherapy vs. ramucirumab-based combination) and we found no evidence of a statistically significant difference between the subgroups.
Discussion
To the best of our knowledge, this is the most updated meta-analysis providing an evaluation of the incidence and risk of proteinuria in patients with solid tumors treated with ramucirumab. Our analysis of data demonstrated an increased risk of all-grade and high-grade proteinuria with ramucirumab-based treatment compared with control.
Angiogenesis is a crucial process in human development and growth. Pathologically, aberrant angiogenic mechanisms play a major role in cancer growth and are a necessary process for tumor metastasis [21, 22] . Binding of VEGF to its receptors (VEGFR-1, VEGFR-2) initiates an angiogenic signaling process with subsequent increased vascular permeability and endothelial cell proliferation [23] . VEGF pathway inhibition is an important anticancer strategy and ramucirumab -through VEGFR-2 targeting -suppresses the growth of many solid tumors [24] . Normal protein concentration in an adult should be less than 60 mg/m 2 /day and proteinuria is said to be present when urinary protein excretion exceeds 300 mg/day [25] .
Proteinuria has been reported as a class effect with many VEGF-targeting agents, including bevacizumab and aflibercept as well as many VEGF-tyrosine kinase inhibitors [26] [27] [28] . The underlying mechanism is not completely understood. However, research has suggested that the inhibition of VEGF-dependent interactions between podocytes and glomerular endothelial cells may result in proteinuria through the disruption of the filtration barrier [29] . Another molecule that may be implicated in proteinuria secondary to antiangiogenic agents is the nephrin which is downregulated by VEGF pathway inhibition and this may lead to proteinuria [30] .
A number of quantitative and qualitative tests are available for the assessment of urinary proteins. The most frequently used test is the urinalysis dipstick. However, it is sensitive for glomerular rather than tubular proteinuria and the degree of positivity roughly correlates with the heaviness of proteinuria [31] . However, due to a relatively high rate of false-positive results, whenever proteinuria is suspected by urine dipstick it should be confirmed through a 24-hour urinary protein assessment [32] . Alternatively, if timely collection of urine is not possible, protein/creatinine or albumin/creatinine ratios may be used instead [33] .
With the progress of anticancer therapies, survival of cancer patients has improved and thus meticulous attention to long-term consequences of cancer treatment becomes more and more important. Proteinuria has been reported as a risk factor for both cardiovascular and renal disease and, thus, early detection and management of proteinuria secondary to antiangiogenic agents should be part of the management of cancer patients receiving these drugs [30, 34] .
Many studies have demonstrated an important role for angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) in control of proteinuric renal conditions [35] . To our knowledge, no interventional studies have been conducted to assess the role of these agents in VEGF inhibition-mediated proteinuria and thus evidence-based recommendations both in the preventive and therapeutic settings cannot be made. Nevertheless, many cases with antiangiogenic-related proteinuria in practice are given ACEIs and ARBs on an exploratory basis from the data of other proteinuric conditions. This practice has been supported also by an antiproteinuric effect of these agents in cases of renal transplantation treated with mTOR inhibitors [36] . Moreover, in an interesting preclinical study by Lankhorst et al. [37] , combined endothelin receptor antagonism, ACEI and phosphodiesterase type-5 inhibition were effective in preventing angiogenesis inhibition-induced proteinuria. These preclinical data may provide a strong rationale for a randomized study for the use ACEIs or ARBs in the prevention and/or treatment of antiangiogenic-related proteinuria.
Another important consideration in this setting is the other toxicities commonly induced by antiangiogenic agents, particularly hypertension. Because ACEIs are considered the best treatments for hypertension associated with proteinuria, their use in patients with hypertension and proteinuria secondary to antiangiogenic agents may be very rational [38] [39] [40] .
According to the manufacturer's recommendations, if grade 3-4 nonhematological toxicity occurs, dose interruption and/or reduction should be considered [41] . Thus, part of the management of proteinuria of ramucirumab may involve the adjustment of drug dosage as per the grade of the toxicity and the manufacturer's guidelines.
Despite the clear risk of all-grade and high-grade proteinuria experienced by ramucirumab-treated patients in our meta-analysis, the risk of renal impairment was not increased in the majority of included studies. This may be explained by the fact that in the setting of close monitoring in the included clinical trials, ramucirumab was stopped once significant proteinuria had developed. This may have prevented progression into frank renal impairment.
The results of our analysis have to be dealt with taking into consideration a number of limitations. The first limitation we see is the heterogeneity observed with regard to the type of solid tumors treated and the regimens used. Subgroup analyses have been conducted to try to overcome this limitation. The second limitation is the fact that this is a meta-analysis at the study level and not at the individual patient data level. Therefore, individual variables at the patient level (e.g. comorbidities predisposing to more proteinuria or renal impairment) were not elaborated in the analysis.
